Introduction {#S0001}
============

Pain is a multidimensional experience with sensory-discriminative, cognitive evaluative, affective-motivational and social components.[@CIT0001] Chronic primary pain persists or recurs for longer than three months, and it is associated with significant emotional distress or functional disability (interference with activities of daily life and social roles).[@CIT0002] Pediatric chronic pain estimates that posit 20--35% of children and adolescents worldwide.[@CIT0003] Chronic pain in children and adolescents may interfere with school activities, leisure and their child's social relations.[@CIT0004] It is common that child suffering from chronic pain to be seen as fragile and victimized. This social response to their' suffering may increase the feelings of rejection and exclusion from their environment.[@CIT0005] Changes in mood, anxiety, and sleep disorders are part of the response associated with chronic pain. Fear of pain has been implicated in many aspects of illness, including experimentally induced pain intensity,[@CIT0006] pain during dental care,[@CIT0007] chronic pain behavior and pain-related disability.[@CIT0008],[@CIT0009] Another behavioral manifestation that impairs rehabilitation and increases suffering is coping incapacity. Coping strategies are a link between pain perception and child functionality. Children with more capacity to develop coping strategies are less prone to suffer from pain perception. In studies with musculoskeletal pain, the coping mechanisms adopted by children help in determining their quality of life.[@CIT0010]--[@CIT0012] Alternately, the absence of pain-related fear leads to rapid confrontation through continued engagement in routine daily activities and resultant recovery.

In chronic pain, the repetitive activation on pain pathways is associated with amplification of neural signaling within the central nervous system that elicits pain hypersensitivity.[@CIT0013] The brain-derived-neurotrophic-factor (BDNF) has an essential role in influencing the ability of development, synaptic activities, survival and cerebral development. Moreover, this neurotrophic factor has central role in the pathophysiology of a range of neurological and psychiatric disorders, including major depressive disorder, post‐traumatic stress disorder (PTSD) and chronic pain.[@CIT0014] According to an previous study on healthy subjects, higher levels of serum BDNF was associated with a higher pain threshold in women, while it was the opposite in men.[@CIT0015] Although the effect of sex hormones on the relationship between BDNF and pain is a complex process, the estrogen likely mediates it. This gonadal hormone regulates the increase in BDNF mRNA in areas associated with nociceptive sensory processing such as the hippocampus, cerebral cortex and spinal cord.[@CIT0016] In the amygdala responsible for the acquisition, storage and expression of learned fear,[@CIT0017] the chronic stress increases the BDNF while decreasing it in the hippocampus.[@CIT0018] A preclinical study demonstrated that BDNF decreased behavioral response (freezing) and reduced activation of the amygdala and fear-processing circuitry[@CIT0019],[@CIT0020] while stress-stimulated the BDNF salivary secretion.[@CIT0021]

Pain-related fear is a maladaptive psychobiological interaction that leads to physical deconditioning of the musculoskeletal system.[@CIT0022] Thus, the identification of the avoidant behavior of the child with pain can help in the symptom management to prevent the development of depressive symptoms. However, a limited number of tools have been available to help clinicians and educators identify children and adolescents' present symptoms that may be related to fear and avoidance related to pain. To give attention for this behavior in the pediatric chronic pain, Simons et al (2011) developed the Fear of Pain Questionnaire as well as child and parent report (FOPQ-C; FOPQ-P) to assess avoidance and fear of pain with pediatric chronic pain patients. The scales were designed to be multidimensional, emphasizing the domains that contribute to fear avoidance of pain.[@CIT0023] Thus, we conduct the present study to examine the psychometric properties of the translated tools according to the COSMIN (Consensus-based Standards for the selection of health Measurement) guideline terminology in order to have a reliable instrument to assess fear of pain for Brazilian population.[@CIT0024] (I) We assessed the content validity and face validity by semantic equivalence, the comparison of items by experts and a subsample of the target population to evaluate the cross-cultural, which was adapted from the English version of the FOPQ-C and FOPQ-P to Brazilian Portuguese. (II) We examined the internal consistency and the construct validity of the FOPQ translated instruments. (III) We assessed the convergence validity by the correlation of the BrP-FOPQ-A with relevant correlates: depressive symptoms, pain catastrophizing, emotion and conducts problems and physical and psychosocial functioning due to their physical health. (IV) We evaluated the criterion-group validity by the ability of BrP-FOPQ-A to discriminate between chronic pain and pain-free healthy control subjects. (V) We assessed the relationship of the BrP-FOPQ-A with saliva BDNF. We tested the hypothesis of the construct validity, evaluating if the BrP-FOPQ-A scores' responsiveness would identify the severity of fear of pain, according to an adolescent with a pain condition and pain-free healthy control subjects.

Subjects and methods {#S0002}
====================

The protocol was reviewed and approved by the Ethics Committee Board of the Hospital de Clínicas de Porto Alegre (protocol n°16-0212). All parents gave their written formal consent for participation on their as well as their child's behalf. The adolescents gave their assent to participate in the study. [Figure 1](#F0001){ref-type="fig"} presents the flow of the multiple standardized phases of the study.Figure 1Flow of the multiple standardized phases of the study.**Abbreviations:** BDNF, brain-derived neurotrophic factor; PCS-C, Pain Catastrophizing Scale for children; PCS-P, Pain Catastrophizing Scale for parents; CDI, Children's Depression Inventory; FDI, Functional Disability Inventory; SDQ, Strengths and Difﬁculties Questionnaire.

Phase I. Translation, synthesis and back translation and consensus of experts assessed the content and face validity {#S0002-S2001}
--------------------------------------------------------------------------------------------------------------------

The original English version of the FOPQ-C and FOPQ-P were translated into Brazilian Portuguese. The cross-cultural adaptation was conducted by previously published guidelines.[@CIT0025] Three native Brazilian Portuguese speakers (T-1, T-2 and T-3) carried out independent translations of the FOPQ-C and FOPQ-P from English to Brazilian Portuguese. T-1 was a professional translator, T2 was a psychologist and T-3 was a physician with pain specialization. The forward translations were compared with one another as well as the original English version. After discussing any discrepancies, the three versions were combined into one Brazilian Portuguese version.[@CIT0025]

Two native English speakers translated the original FOPQ-A for adolescents and FOPQ-P for parents to Brazilian Portuguese and carried out a backtranslation into English. Brazilian Portuguese is their second language. Both back-translators were considered bilingual, but they were not familiar with the subject matter of the questionnaire. A third bilingual person corrected any gross inconsistencies or conceptual errors in the content of the translated versions in preparation for the expert committee meeting.[@CIT0026]

An expert committee consisting of clinical researches and experts in the translation of scales, pediatricians, child psychologists and physicians with pain specialization (n=21) were interviewed to collect qualitative data by exploring how the members understood each of the 24 items of BrP-FOCQ-C and 21 items of BrP-FOCQ-P. This expert committee also assessed the comprehension of issues using a 10 cm visual analog scale (VAS; from 0 cm representing unclear to 10 cm representing entirely clear). The task of the experts' committee was to ensure that the semantics of items and the conceptual content of items (content validity) of the BrP-FOCQ-C and BrP-FOCQ-P.They had an age range of 25--60 years, (n=13 females) higher than 15 formal years of schooling and involvement in the translation of development of the instruments. The committee members and the panel director communicated via chat. The evaluators posted their comments; thus, the panel director processed the information and filtered out the relevant content until they came to a consensus on the item. Rounds coordinated by two clinical research scientists with experience in validating instruments were made until they came to a consensus on the questions. They assessed their understanding of the questions of the BrP-FOCQ-A and BrP-FOCQ-P using 10 cm Visual Analogue Scales (where 0 implied completely unclear and 10 cm indicated completely clear). All items received scores equal or higher than 8.5.

After discussing any discrepancies, the four versions were combined into one Brazilian Portuguese (BrP)-FOPQ-C. Item 3 was changed to "I cannot do everything that healthy people do; they do because it's so easy to hurt my body". The children's scale changed the initial translation "I cannot do everything that normal people do, because I hurt my body easily". The original wording focused on "normal," but the translation focuses on "healthy" since the term "normal" is typically employed by Brazilian Portuguese speakers for a "behavior and appearance socially acceptable". Item 21 had been translated to "If I go to school, my pain gets worse;" we changed it to "I'm not going to school because that makes my pain worse." The experts judge that changing "I go" to "I'm going" would improve the comprehension of children. All feedback from these subjects was evaluated by the translation workgroup (to assess face validity). Based on the subject feedback, two questions were slightly modified to achieve the final Brazilian Portuguese version of the BrP-FOCQ-A. The final version of the BrP-FOCQ-C is presented. Item 7 of Brazilian Portuguese (BrP)-FOPQ-P was changed \[I can't let my child do things that healthy people do because he gets hurt easily\] for the similar reason that we changed item 3 of the BrP-FORQ-A.

Phase II. Pretesting of FOPQ for parents and child in a pilot study {#S0002-S2002}
-------------------------------------------------------------------

Twenty-two children, including 14 girls (63.22%), whose age median interquartile was 17 (IQ~25-75~=15.75; 17) and formal years of schooling was 11 (IQ~25-75~=9.75; 17), participated in this study. We included 20 parents, including 14 women (70%), with the age median interquartile of 43.50 (IQ~25-75~=37.00; 53.50) and formal years of schooling of 18 (IQ~25-75~=15.25; 21.25). They were invited to evaluate the meaning of the translated questions and the layout of the pre-final version of the instruments for adolescents and parents. In addition, they were interviewed to explore how the members understood each item. Each adolescent, parent and employee's self-reported comprehension of the items was assessed by a 10 cm VAS (VAS; from 0 cm representing unclear to 10 cm representing entirely clear). The global median (level of comprehension) of all items in adolescents was 9.66 (IQ~25-75~=9.11; 10), and for parents, it was 9.61 (IQ~25-75~=8.90; 10).

Phase III. Assessment of psychometric properties and the validity of the final version of the FOPQ for parents and child {#S0002-S2003}
------------------------------------------------------------------------------------------------------------------------

A total of 257 adolescents were recruited from the local community of public schools of the catchment area of Primary Care Unit at Hospital de Clínicas de Porto Alegre between March 2018 and May 2018. For the recruitment processes, we contacted the general coordinator of the municipal education secretary at Porto Alegre. We asked permission to contact the directors of public schools in the area previously mentioned. We reached the directors of five schools and the estimated number of adolescents, where the eligible criteria was 800.

The team of researchers went to school to explain the purposes of research and ask parents to sign a consent form for the agreement of their participation and seek adolescents' permission for their involvement in the study. They answered a structured questionnaire, which helped us obtain sociodemographic and health state of the adolescents. Inclusion criterion: All adolescents 12 to 17 years of age whose parents had signed the consent form to participate, and if they agree, they were included in the study. One parent of each adolescent also participated. Of a total of 800 adolescents and parents who were approached to participate in the survey, 298 consented and 286 provided enough data at initial evaluation for inclusion in these analyses, resulting in a 14.90% consent rate and 14.45% initial completion rate. The presence of females was predominant in the sample (60.8%), reﬂecting a similar composition of adolescents' sample seen at schools. Parents completing the questionnaires were mostly mothers. Exclusion criteria: Adolescents with persistent or recurrent pain in the last six months, according to answers by parents, or those regularly using medications for pain treatment (eg, anti-inflammatory, analgesics, anticonvulsants, antidepressants, etc.).

The clinical convenience subsample underwent a multidisciplinary pain evaluation at Hospital de Clínicas de Porto Alegre, which is a large tertiary teaching hospital in the south of Brazil. Among the clinical subsample, females were predominant (55%), reﬂecting the composition of adolescents seen at the pain clinic. The mean age was 14.13 years (SD =2.15). Parents completing the questionnaires were predominantly mothers. Pain diagnoses assigned by the physician conducting the medical portion of the clinical evaluation included the following elements: gastroesophageal reflux (eg, complex regional pain syndrome \[CRPS\], n=11); headache (chronic daily, tension-type, migraine, n=6); musculoskeletal pain (eg, diffuse muscular, one or more joints, n=4); recurrent abdominal pain (n=2); and other pains (eg, chest pain, n=5). All subjects experiencing pain symptoms that recur for longer than three months past the average expected healing time lacks the acute warning function of physiological nociception.[@CIT0002] The pain score was not measured at the time of assessment.

The saliva to measure BDNF was collected in 154 healthy adolescents and all adolescents of the clinical subsample. The dosage was given to 146 adolescents, eight were excluded by insufficient material.

Self-Report Variables and BDNF dosage {#S0002-S2004}
-------------------------------------

Fear of Pain Questionnaire for adolescents (FOPQ-A) is a self-report inventory to evaluate pain-related fears is a 5-point Likert-type scale applied to children and adolescents.[@CIT0004] The FOPQ-C consists of 24 items and two subscales. Each item is rated on from 0 "strongly disagree" to 4 "strongly agree". Factor 1 labeled avoidance (contains 11 items), whereas factor 2 labeled fear of pain (contains 13 items). Scores range from zero to 96.

Fear of Pain Questionnaire for parents (FOPQ-P) reports their own fear associated with the child's pain experience. The item's response format is on a 5-point Likert-type scale ranging from "strongly disagree" to "strongly agree". It comprises 21 items. The original scale[@CIT0023] consists of four factors. Factor 1 labeled avoidance (contains six items). Factor 2 labeled fear of pain (contains seven items). Factor 3 labeled fear of school (contains four items). Factor 4 labeled fear of movement (contains four items). Additional details regarding the psychometric properties of the FOPQ-P are given in the results section. Total score range zero to 84.

The Pain Catastrophizing Scale for children (PCS-C) and the PCS for parents (PCS-P) assess negative thinking associated with pain for identiﬁcation of individuals at risk for psychological consequences, which may be needed for further psychosocial assessment. It is comprised of 13 Likert items rated on a 5-point scale with both intensity and frequency information, with the following ﬁve levels of response: (0) not at all, (1) to a slight degree, (3) to a moderate degree, (4) to a great agree, and (5) all the time. The total score derivates the sum of items. Higher scores indicated higher levels of catastrophic thinking. Internal reliability for the current sample was 0.90 for the PCS-C and 0.88 for the PCS-P.[@CIT0027]

Children's Depression Inventory (CDI) is an instrument widely used in the USA (constructed by MariaKovács and Beck, United States).[@CIT0028] The CDI is a self-reported inventory prepared for children aged seven to 17 years. It comprises 27 items to measure the presence and severity of symptoms of depression as well as to assess its various relevant clinically dimensions: affectivity (eg, mood lowered, loneliness and irritability); cognitive (eg, negative self-image, self-blame and negative expectations in a decision); motivational (eg, seclusion, avoidance and suicidal ideation); vegetative (eg, appetite and sleep disturbance) and psychomotor.[@CIT0029] Higher scores indicated the higher severity of symptoms. Internal reliability for the current sample was 0.91.

Functional Disability Inventory (FDI)[@CIT0030] is a scale that assesses children's self-reported difficulty in physical and psychosocial functioning due to their physical health. The scale consists of 15 items concerning perceptions of activity limitations during the past two weeks. Higher scores indicate greater disability, and total scores are obtained by summing the items. The original FDI has good reliability and validity.[@CIT0031] Higher scores indicated higher levels of disability. Internal reliability for the current sample was 0.91.

Strengths and Difficulties Questionnaire (SDQ) can be completed by 11--16 year olds themselves.[@CIT0032],[@CIT0033] The SDQ can be used for screening, as part of a clinical assessment, as a treatment-outcome measure and as a research tool.[@CIT0034],[@CIT0035] The SDQ asks about 25 attributes, some positive and others negative; respondents use a 3-point Likert scale to indicate how far each attribute applies to the target child. The 25 items are divided between ﬁve scales of ﬁve items each, generating scores for emotional symptoms, conduct problems, hyperactivity-inattention, peer problems and prosocial behavior; are summed to create a total difficulties score. Internal reliability for the current sample was 0.78.

The dosage of BDNF**:** Participants who received instruction had not consumed any food or drink, or brushed their teeth, for two hours before sample collection. All participants collected approximately 3 ml of saliva unstimulated by passive expectoration into a 5-ml conical tube. Tubes were centrifuged for 10 mins at 4,500 rpm at 4 °C. Upon thawing, the samples were centrifuged once more to ensure complete debris removal.[@CIT0036] Saliva was stored at −80 °C. Saliva-mediator concentrations were determined using BDNF (Chemicon CYT306, lower detection limit 7.8 pg/mL; EMD Millipore, Billerica, MA, USA) enzyme-linked immunosorbent assay kits, according to the manufacturer's instructions.

Statistical analysis {#S0002-S2005}
--------------------

Descriptive statistics were conducted to examine the underlying assumptions of normality for all concerned variables. We assessed the items on the BrP-FOPQ for adolescents and parents' measures to check significant skewing or kurtotic response patterns. Internal consistency was assessed using Cronbach's alpha for the BrP-FOPQ-A and BrP-FOPQ-P measures to compare it with the English version. Item-total correlations were calculated for both tests. Confirmatory factory analysis (CFA) for the FOPQ-C BrP-FOPQ-A as well as the maximum likelihood factor analyses with oblique rotation was conducted. For the BrP-FOPQ-P factor analysis, the principal component analysis was performed using Promax rotation. For both measures, a loading of items of 0.3 was considered relevant, and thus when the loading was less than 0.3, the item was not retained.[@CIT0037] Factors with eigenvalues greater than one were also excluded. Convergent validity was evaluated by the Pearson's correlation coefficient between BrP-FOPQ-A total scores and subscales and the BrP-FOPQ-P with the following tools that evaluate the aspects related to pain: depressive symptoms, pain catastrophizing, emotion and conducts problems and physical and psychosocial functioning due to their physical health. We expected a moderate positive correlation coefﬁcient between the BrP-FOPQ-A total scores and other scales, not exceeding 0.7, as this criterion is considered satisfactory for establishing construct validity between scales that measure a comparable concept.[@CIT0038] Criterion-group's validity was assessed by screening the accuracy of the BrP-FOPQ for adolescents and parents in distinguishing between chronic pain subjects and pain-free healthy control subjects. We used the nonparametric receiver operating characteristics (ROC) analysis. The area under the curve (AUCs) with exact binomial of 95% conﬁdence intervals (CI) is presented. Standard errors (SEs) were calculated using Hanley's method.[@CIT0039] The cutoff values with the highest Youden index, with 90% sensitivity and 100% speciﬁcity, are presented for BrP-FOPQ-A and QIF with a ROC AUC of 0.70. A Generalized Mixed Model demonstrated the main effect of the group for the BrP-FOPQ-A scores adjusted by gender and age, which was used to assess the correlation between the BrP-FOPQ-A and the BDNF. A priori sample size was estimated based on the ratio of the number of volunteers to the number of items. In this case, the FOPQ-A has 24 items. Based on this criterion, we needed 240 volunteers. Considering the potential of ending up with insufficient data, we increased the sample size by 15%.[@CIT0024],[@CIT0040] For all statistical analyses, significance was set at *P*\<0.05. Data were analyzed using SPSS version 22.0 (IBM, Armonk, NY, USA).

Results {#S0003}
=======

Phase III: Assessment of psychometric properties and the validity of the final version of the BrP-FOPQ-A and BrP-FOPQ-P {#S0003-S2001}
-----------------------------------------------------------------------------------------------------------------------

### Sample characteristics {#S0003-S2001-S3001}

[Table 1](#T0001){ref-type="table"} presents the demographic characteristics, depressive symptoms, pain catastrophizing, emotion and conducts problems and physical and psychosocial functioning due to their physical health. There was a disproportionate number of females (n=174) in our sample. The mean score of the BrP-FOPQ-A for males was 29.13 (17.17), and for females, it was 41.62 (16.36) (t= −6.16, *P*\<0.001). The mean score of the BrP-FOPQ-A for the total subject sample was 36.62 (SD 17.72). The median was 36, and the range interquartile \[(IQ~25-75~) 24; 50\].Table 1Intercorrelations of Fear of Pain Questionnaire for adolescents with Fear of Pain Questionnaire for Parents.  Mean scores and SD values. Demographic variables and scores of tests are presented as mean and standard deviation (SD) or frequency (n=286)Healthy subjects (n=257)Chronic pain (n=29)*P*Sex Male/female102/158 (60.8%)13/16 (55.2%)0.34Alcohol No/Yes147/110 (42.8%)15/14 (48.3%)0.31Smoking No/Yes235/22 (8.4%)26/3 (10%)0.46Illicit drugs No/Yes236/21 (8.17%)27/2 (6.9%)0.59Psychiatric diagnosis No/Yes246/11 (4.2%)25/4(13.8%)0.05Age (years)13.63 (1.76)14.13 (2.15)0.232School (years)7.87 (1.55)8.29 (1.91)0.193Functional Disability Inventory (FDI)6.99 (6.94)12.34 (9.51)0.006Strengths and Difficulties Questionnaire (SDQ) Total score22.01 (6.05)22.06(6.96)0.967 Emotional symptoms4.23 (2.55)4.51(2.54)0.568 Conduct problems3.06 (1.94)3.03(1.89)0.943 Hyperactivity-inattention3.99 (2.17)4.00(1.96)0.993 Peer problems3.04 (1.76)3.03(2.07)0.982 Prosocial behavior7.68 (2.26)7.48(2.42)0.652Children's Depression Inventory (CDI) Affectivity3.39 (3.31)4.72(3.78)0.044 Cognitive1.83 (1.88)2.51(1.95)0.068 Motivational1.65 (1.87)2.17(1.89)0.160 Psychomotor2.16 (1.57)2.31(1.56)0.634 Catastrophizing Pain Scale for Child33.42 (10.32)35.44(11.74)0.325 Catastrophizing Pain Scale for Parents39.64(9.69)39.35(9.56)0.882BrP-FOPQ-A Mean (SD)∕median \[quartile (Q) 25; 75\]36.02 (17.47)∕36\
(23.5; 50)42.10 (19.33)∕37\
(27.5; 58)0.08 Scores minimum to maximum (zero to 96) (%)1.5 and 00 and 3.4BrP-FOPQ-P35.79 (15.04) Mean (SD) and median (range)33.96(15.15)∕34\
(23.75; 43)35.85 (14.08)∕36 (24.25; 48)0.982 Scores minimum to maximum (zero to 84) (%)0.8 and 00 and 0[^1]

### Psychometric properties of the BrP-FOPQ-A and BrP-FOPQ-P {#S0003-S2001-S3002}

#### Internal consistency {#S0003-S2001-S3002-S4001}

The BrP-FOPQ-A final 24-item had strong internal consistency (α=0.92). The sample mean for the total scale was 34.13 (SD =15.12). The reliability of subscale of Fear of Pain and Avoidance of Activities were α=0.89 and α=0.86, respectively. The sample mean for the subscale of Fear of Pain was 20.00 (SD =9.96), and the sample mean for the subscale of Avoidance of Activities was 16.25 (SD =8.25).

The BrP-FOPQ-P final 21-item had strong internal consistency (α=0.91). In BrP-FOPQ-P, Factor 1 labeled avoidance (contains five items α=0.73); the sample mean was 5.89 (SD =4.23). Factor 2 labeled fear of pain and movement (contains nine items, α=0.82); the sample mean was 20.44 (SD =7.99). Factor 3 labeled fear of school (contains three items α=0.62); the sample mean was 3.30 (SD =2.68).

#### Construct validity: questionnaire item selection, structural validity and cross-cultural- validity {#S0003-S2001-S3002-S4002}

##### Fear of Pain questionnaire for adolescents {#S0003-S2001-S3002-S4002-S5001}

A CFA was performed to investigate whether the original English FOPQ-C study dimensionality and factor-loading pattern were like the Brazilian subject sample. The mean (SD) of each item and the standardized factor loadings, including the specific BrP-FOPQ-A question items, contributing to factors with item loading higher than 0.3 are shown in [Table 2](#T0002){ref-type="table"}. No items violated assumptions of normality (skew and/or kurtosis \>2.0). Twenty four items were entered into a maximum likelihood factor analysis with oblique rotation. The mean (SD) of each item is presented in [Table 2](#T0002){ref-type="table"}. According to the factor structure suggested by Cattell's elbow criteria on the screen plot, 2-factor solution best explained the structure of the BrP-FOPQ-A with 46.09% of the variance accounted for. The two factors were intercorrelated (see [Table 2](#T0002){ref-type="table"}). The avoidance factor comprises ten items and fear of pain comprises 14 items. The cross-cultural validity of the BrP-FOPQ-A to Brazilian population was demonstrated by the high factorial load of all items and by the similarity of the best-explained structure with the original scale.Table 2Factor loadings for Brazilian Portuguese Fear of Pain Questionnaire for Adolescents (n=286)ItemItem contentsMean (SD)AvoidanceFear16I put things off because of my pain.1.79 (1.30)0.77113I avoid making plans because of my pain.1.46 (1.22)0.7420I choose to miss things that are important to me so\...2.43 (1.21)0.7216I cancel plans when I am in pain.1.60 (1.26)0.72118I stop any activity if I start to hurt or my pain becomes worse.1.51 (1.28)0.65121I do not go to school because it makes my pain worse.1.95 (1.22)0.62910I cannot go back to school until my pain is treated.1.28 (1.23)0.60622When I am in pain, I stay away from other people.1.27 (1.27)0.5729I worry when I am in pain.1.12 (1.17)0.50024I do not think that I will ever be able to go back to a\...1.0 (1.13)0.4857Feelings of pain are scary for me.1.68 (1.22)0.65814I'm afraid that when the pain starts it's to be really bad.1.36 (1.18)0.6574When I feel pain, I am afraid that something terrible will\...2.29 (1.27)0.6375Pain causes my heart to beat fast or race.0.96 (1.08)0.6302I begin shaking/trembling when doing an activity that\...2.39 (1.19)0.60623When I sense pain, I feel dizzy or lightheaded.0.97 1.01)0.58512I find it difficult to calm my body down when having pain.1.44 (1.29)0.56417I go immediately to lie down or rest when I feel really bad\...1.24 (1.20)0.55315I walk around in constant fear of hurting.1.46 (1.21)0.54011I think that if my pain gets too bad, it will never get better.1.93 (1.27)0.53919I can't think straight when I feel pain.1.28 (1.14)0.5353I can't do all the things normal people do because it's so\...1.30 (1.30)0.5341My pain controls my life.1.62 (1.33)0.5338When I hurt I can't stop thinking about the pain.1.93 (1.23)0.528Eigen value8.921.149% Variance37.176.03

##### Fear of Pain questionnaire for parent {#S0003-S2001-S3002-S4002-S5002}

A confirmatory factor analysis was performed to investigate whether the original English FOPQ-P study dimensionality and factor-loading pattern were like the Brazilian subject sample. The mean (SD) of each item and the standardized factor loadings, including the specific BrP-FOPQ-P question items, contributing to factors with item loading higher than 0.3 are shown in [Table 3](#T0003){ref-type="table"}. No items violated assumptions of normality (skew and/or kurtosis \>2.0). Twenty one items were entered into a maximum likelihood factor analysis with oblique rotation. According to the factor structure suggested by Cattell's elbow criteria on the screen plot, 3-factors solution best explained the structure of the FOPQ-P with 50.76% of the variance accounted for across the three subscales. The three factors were intercorrelated (see [Table 5](#T0005){ref-type="table"}).The avoidance factor comprises nine items;the fear of pain comprises nine items; and the fear of school factor comprises three items.Table 3Factor loadings for Brazilian Portuguese Fear of Pain Questionnaire for Parents (n=286)ItemsContents of itemsFearAvoidanceSchool5My child's feelings of pain are scary for me1.23(1.29)0.8963When my child is in pain, I am afraid that\...2.35(1.41)0.8079My child's pain causes my heart to pound or\...2.35(1.38)0.7526My child's pain controls my life2.35(1.28)0.68513I find it difficult to calm my body down when\...2.04(1.37)0.58812I cancel plans when my child is in pain.1.49(1.34)0.5734I believe that my child cannot go back to school until\...0.74(1.03)0.5342I try to avoid activities that cause my child's pain.0.69(0.90)0.47210I avoid making plans because of my child's pain.2.32(1.31)0.36317When the pain comes on strong I think that my child\...1.42(1.31)0.77119My world has become small because of my child's pain.0.86(0.89)0.76414When my child is in pain, I stay away from other people.2.49(1.14)0.72515When my child is in pain, I say things like "I don't have\...2.75(1.00)0.64821I am afraid that my child might hurt him/herself if\...1.36(1.15)0.6327I can't let my child do all the things that normal people\...1.40(1.32)0.63018I am afraid that when my child's pain starts it's going\...1.29(1.16)0.59211I think if my child's pain gets too bad, it will never get\...1.07(1.03)0.50320I think that being careful to not make any unnecessary\...1.77(1.16)0.3641I think that being at school makes or would make my\...1.00(1.10)0.8558I think that doing school work increases my child's pain.2.11(1.29)0.69216My child does not go to school because I think it makes\...0.98(1.09)0.528Eigen value7.661.791.2036.468.565.54 Table 4Intercorrelation, mean, and SD values for Fear of Pain Questionnaire for Parents (n=286)1234567Healthy subjects (n=257)Chronic pain (n=29)Brazilian Portuguese Fear of Pain Questionnaire for Parents (BrP-FOPQ-P)1. Total score0.822\*\*0.883\*\*0.700\*\*0.563\*\*0.501\*\*0.56\*\*29.20 (12.77)33.80 (10.76)2. Avoidance activities0.617\*\*0.568\*\*0.394\*\*0.338\*\*0.405\*\*5.81 (4.29)7.25 (3.78)3. Fear of pain0.535\*\*0.342\*\*0.309\*\*0.335\*\*20.25 (8.01)22.85 (7.51)4. Fear of School0.319\*\*0.249\*\*0.355\*\*3.22 (2.70)3.70 (2.22)Brazilian Portuguese Fear of Pain Questionnaire for adolescents(BrP-FOPQ-A)5. Total score0.946\*\*0.932\*\*34.13 (16.71)43.14 (18.08)6. Fear of pain0.763\*\*20.60 (10.60)25.76 (10.53)7. Avoidance activities13.55 (7.36)17.38 (7.97)[^2] Table 5Intercorrelation among adolescents and parent fear of pain questionnaire with depressive, catastrophizing and disability symptoms (N=286)1234567891011121314151617Brazilian Portuguese Fear of Pain Questionnaire for adolescents (BrP-FOPQ-A)1. Total score0.94\*\*0.93\*\*0.53\*\*0.79\*\*0.28\*\*0.30\*\*0.49\*\*0.12\*0.14\*0.13\*0.14\*0.38\*\*0.28\*\*0.24\*\*0.24\*\*0.29\*\*2. Fear of pain0.76\*\*0.50\*\*0.79\*\*0.27\*\*0.32\*\*0.54\*\*0.15\*0.16\*\*0.14\*0.17\*\*0.43\*\*0.34\*\*0.27\*\*0.29\*\*0.33\*\*3. Avoidance activities0.56\*\*0.68\*\*0.27\*\*0.24\*\*0.38\*\*0.080.090.090.100.28\*\*0.17\*\*0.17\*\*0.16\*\*0.20\*\***Brazilian Portuguese Fear of Pain Questionnaire for parent (BrP-FOPQ-P)**4. Total score0.43\*\*0.68\*\*0.21\*\*0.30\*\*0.14\*0.14\*0.17\*\*−0.060.25\*\*0.13\*0.13\*0.16\*\*0.16\*\***Catastrophizing Pain Scale**5. Total score for child0.25\*\*0.25 \*\*0.46\*\*0.15\*0.17\*\*0.14\*0.16\*\*0.39\*\*0.28\*\*0.18\*\*0.20\*\*0.26\*\*6. Total score for parents0.18\*\*0.14\*0.060.040.18\*\*−0.110.100.090.070.090.11**7. Functional Disability Inventory (FDI)**0.46\*\*0.30\*\*0.27\*\*0.25\*\*−0.040.44\*\*0.51\*\*0.53\*\*0.47\*\*0.44\*\***Strengths and Difficulties Questionnaire (SDQ)**8. Emotional symptoms0.36\*\*0.29\*\*0.30\*\*0.18\*\*0.79\*\*0.59\*\*0.50\*\*0.47\*\*0.47\*\*9. Conduct problems0.41\*\*0.30\*\*−0.12\*0.66\*\*0.39\*\*0.26\*\*0.34\*\*0.31\*\*10. Hyperactivity-inattention0.05−0.100.58\*\*0.34\*\*0.26\*\*0.33\*\*0.24\*\*11. Peer problems−0.17\*\*0.47\*\*0.40\*\*0.35\*\*0.33\*\*0.33\*\*12. Prosocial behavior0.33\*\*0.02−0.07−0.07−0.0213. Total score0.62\*\*0.46\*\*0.49\*\*0.47\*\***Children's Depression Inventory (CDI)**14. Affectivity0.76\*\*0.73\*\*0.64\*\*15. Cognitive0.69\*\*0.55\*\*16. Motivational0.53\*\*17. Psychomotor1[^3]

In the Brazilian version, parents better understood the "movement" factor as an avoidance response. This possibly justifies the migration of the items that had constituted the movement factor in the original scale to the avoidance factor in the current study. In the same way, in our sample, item 6, "my child's pain controls my life", presented higher factorial load in the factor of the fear of pain, whereas in the English version, this item is in the avoidance activities factor. We interpreted migration of this item based on the premise that the fear of parents can do make children's pain worse. The item 4, "I believe that my child cannot go back to school until his/her pain is treated", did not fit in the "school" factor in our study, which is possibly because for parent's interpretation of how the child was out the school environment.

Although two items migrated to another factorin the factorial structure of BrP-FOPQ-P, their content is congruent with that the migration factor. Moreover, all items demonstrated high factorial load with a variance explained by the best structure, likewise the original scale. Thus, these results demonstrate the cross-cultural validity of the BrP-FOPQ-A.

#### Convergence validity {#S0003-S2001-S3002-S4003}

The intercorrelation between the BrP-FOPQ-A and BrP-FOPQ-P total scale and subscale scores is displayed in [Table 4](#T0004){ref-type="table"}. Concerning subscales, both fear and avoidance subscale for the child, was positively associated with the total score to BrP-FOPQ-P (r=0.50 and 0.56), respectively.

Convergence validity for the total score of BrP-FOPQ-A measure is supported with significant relations found for the adolescents' depressive symptoms, catastrophizing and greater functional disability. Convergence-related validity is also supported by significant associations between higher BrP-FOPQ-A scores of subscales (Fear of Pain and Activity Avoidance), respectively. All variables were positively correlated with higher levels of pain related to fear for the BrP-FOPQ-A in either the total scale or subscale scores. Significant correlations were detected concerning pain catastrophizing and emotional pain with the BrP-FOPQ fear subscale (r=0.79 and r=0.50), respectively. Concerning avoidance subscale for the child, it was also most highly correlated with the pain catastrophizing in the adolescents (r=0.68).The fear of pain subscale was positively correlated to emotional symptoms (r=0.54).

#### Responsiveness and criterion-group validity {#S0003-S2001-S3002-S4004}

The responsiveness of the BrP-FOPQ-A can be seen by the mean (SD) of the total score, in healthy subjects, and for the ones with chronic pain, it was 36.02 (17.47) vs 42.10(19.33) (*P*=0.08). While in healthy subjects and those with chronic pain, the score in the subscales of fear was 19.95 (9.94) vs 24.10(9.47) (0.03) and avoidance was 16.06 (8.70) vs 18.00(10.60) (*P*=0.26), respectively. It is possible to see that the scores of scale and subscales are tending to be higher in adolescents with chronic pain. It means that these tools have properties to capture differences between volunteers free of pain and those who have chronic pain.

Criterion-group validity was assessed by the screening accuracy of the discriminate between chronic pain subjects (n=257) and healthy control subjects (n=29). Nonparametric ROC analysis of BrP-FOPQ-A showed AUCs with exact binomial 95% conﬁdence intervals (CI) on BrP-FOPQ-A. The cutoff point was 11, and the AUC was 0.72 (CI 95%=0.57--0.85). The sensibility was 1, and the specificity was 0.92. The BrP-FOPQ-P for a cutoff point was equal to 12; the AUC was 0.69 (CI 95%=0.58--80); sensibility was equal 1, and the specificity was 0.92. These findings showed that, according to this cutoff point, both BrP-FOPQ were classified correctly (ie, specificity), and more than 90% of them presented chronic pain conditions.

### Assessment of saliva BDNF and its correlation with the Br-FOPQ-A scores {#S0003-S2001-S3003}

The subjects of a subsample (n=146) from the identified sample previously detailed were made the dosage of BDNF on the saliva. Age of healthy adolescents in this subsample was 13.83 (1.83) and 14.00 (1.88) for patients. Years of school for healthy subjects was 8.03 (1.57), and for patients, it was 7.92 (1.32). The number of females in the sample of healthy subjects was 75 (56.8%) and 8 (53.33%) for that of subjects with chronic pain. The saliva BDNF measured in healthy adolescents showed a mean (SD) equal to 2.66 (1.93), and in adolescents with chronic pain, it was 5.03 (4.02).

A Generalized Mixed Model showed the main effect for group for the Br-FOPQ-A scores. Adolescents with chronic pain presented higher scores compared to healthy subjects, Wald χ2= (17.80; Df=1, *P*\<0.0001). The results of multivariate analysis after adjustments by multiple comparisons by Bonferroni Test are presented in [Table 6](#T0006){ref-type="table"}. The model revealed that the BDNF was positively correlated with the score of BrP-FOPQ-A when considering the age. That is, older adolescents presented higher levels of saliva BDNF; similarly, female gender presented higher levels compared to male. Also, the model confirms that subjects with chronic pain even considered the effect of gender and age and showed higher levels of BDNF.Table 6Generalized linear model analysis to examine the score on Brazilian Portuguese Fear of Pain Questionnaire for adolescents with chronic pain and healthy subjects; adjust total score for potential confounders (n=146)VariableBSEMCI 95%Wald χ2dfSig.Intercept56.2516.74123.44 to 89.0711.2910.001Healthy subjects−18.244.323−26.71 to −9.7817.8010.000Chronic pain0^reference^Sex (female)10.262.4435.47 to 15.0517.6310.000Age years−1.4311.163−3.71 to 0.851.5110.219Brain-derived Neurotrophic factor (ng/ml)−10.5444.930−20.20 to −0.884.5710.032Interaction age \* Brain-derived Neurotrophic factor (ng/ml)0.680.340.06 to 1.363.9110.048Scale200.843^b^23.83515.16 to 25.44[^4]

Discussion {#S0004}
==========

The present study displays data about the cross-cultural, adapted English version of the FOPQ for the child and parent to Brazilian Portuguese by the semantic equivalence with the original scale. Also, it demonstrated the psychometric properties assessed by internal consistency, reliability, construct validity, convergence validity, criterion-group validity and the responsiveness for both, BrP-FOPQ for adolescents and parents to identify the severity of fear of pain, according to an adolescent with a pain condition, and pain-free healthy control subjects. The process of translating and back-translating the English FOPQ for child and parents to Brazilian Portuguese version was carried out by stringently following established guidelines.[@CIT0041] A panel of experts, as well as persons with experience in translate translating instruments, assisted us in maintaining the semantic equivalence and the content of items according to cultural variation. The set of items of the BrP-FOPQ for both child and parents presented satisfactory internal reliability with Cronbach's alpha coefficients higher than 0.9, which is similar to the original English version.[@CIT0004],[@CIT0023] These results indicated an adequate construct validity and internal consistency of these FOPQ translated and adapted to Brazilian Portuguese.[@CIT0042]

The content validity is evidenced by the high scores of the questionnaire items for readability, clarity and comprehensiveness as demonstrated by the scores on the VAS in the assessment of the expert's committee. However, significant and moderate correlations of the total score of BrP-FOPQ-A and its subscales with the child depression symptoms, pain catastrophizing and greater functional disability confirm the construct validity (see [Table 5](#T0005){ref-type="table"}). These results underscore the convergent validity by different measures, which assess the same concept in different ways yields.[@CIT0043] Moreover; they suggest that catastrophizing pain overlaps with the fear of pain phenomenon, which leads to behavioral and emotional changes in order to avoid the suffering related to chronic pain. Another measure that showed the theoretical construct of the BrP-FOPQ-A is the criterion-group validity to differentiate those with chronic pain from those without the diagnosis. Thereby, this result reveal how meaningful fear and avoidance is in the practical use of the instrument.[@CIT0043]

Indeed, the fear of pain and the avoidance activities due to pain are reactions that involve emotional facilitates that can encode and help the retrieval of information efficiently. Thus, the positive correlation between BrP-FOPQ-A and pain catastrophizing can be understood in this line, because the catastrophizing pain scale is a cognitive construct characterized by feelings of helplessness, active rumination and excessive magnification toward the painful situation.[@CIT0044] The pain catastrophizing is distinct to fear of pain, which is an emotional construct that comprises negative affect reaction to pain that provokes escape or avoidance. Moreover, we observed that the BrP-FOPQ-A shows a positive correlation with other measures related to depressive symptoms, emotion and conducts problems and physical and psychosocial functioning due to their physical health. All associations were small and moderate, but they point in the same direction that the fear of pain and avoidance behavior identifies subjects prone to a maladaptive response to the consequences of pain-related behavior.[@CIT0044]

These results demonstrated that BrP-FOPQ-A and BrP-FOPQ-P are multidimensional constructs with items that contribute to discriminate fear avoidance of pain either in the adolescents or in parents. The factorial analyses of BrP-FOPQ-A showed that the best solution was a factorial structure with two factors, which comprise a set of items to assess fear and avoidance similar to that proposed in the original scale.[@CIT0004] The CFA demonstrated that all items of both factors to assess fear and avoidance in the BrP-FOPQ-A showed a load factorial higher than 0.5. This result indicates that all elements of each factor of the CFA converge to a common point to constitute a construct. Thus, our result confirms how well our analyzed variables represent the original constructs.[@CIT0004] Further, the BrP-FOPQ-A demonstrated that the Brazilian version presents satisfactory properties to discriminate subjects with higher fear pain and avoidance activities, with specificity higher than 90% for a cutoff point equal to 11.

Indeed, this scale showed a satisfactory accuracy to identify children with a higher fear of pain and avoidance of activities due to pain. This is a positive feature of these measures as they permit planning specific interventions, such as educative programs to improve outcomes and optimize the cost-utility for long-term pain management. Given the previous evidence, a decreased fear of pain in patients exposed to feared activities may make them more confident on their ability to perform such movements, which might be the reason for the readjustment of their beliefs. At the same way, the disconfirmation of negative feelings of threat by performing feared activities have probably resulted in improved pain, hypervigilance behavior, a sense of danger, decreased anxiety and catastrophizing.[@CIT0045] These approaches to treating fear of pain and avoidant activities are based on the fear-avoidance model (FA). The FA model finds support in clinical outcomes into musculoskeletal pain conditions, such as knee pain,[@CIT0046] neck pain[@CIT0047] and fibromyalgia.[@CIT0048] Little is known about the neural correlates postulated in the paradigm of fear and avoidance model despite the FA model's pervasiveness.

The BrP-FOPQ-P CFA found the best solution with a structure of three factors. Cultural differences may explain the distinct distribution of items compared to the original scale. This explanation is plausible as a three factor structure showed the best relationship between the content of elements of each factor (fear of pain, fear of school and avoidance activities). Another finding that indicates an adequate factorial structure of the BrP-FOPQ-P was its properties to discriminate the healthy adolescent's sample compared to the sample of individuals with chronic pain.[@CIT0023] In the Brazilian version, the migration of items that constituted the "movement" factor was better understood by parents as an avoidant response it can also be interpreted in the sense that parents' fear and anxiety can make children's pain worse. Also, it is theoretically plausible that a more catastrophic description of these items induced bad postures of parents, which can have caused a positive reinforcement of their children's fear and avoidance behavior.[@CIT0049]

The close correlation between the BrP-FOPQ-P scale with the total score and subscales scores of BrP-FOPQ-A shown in [Table 4](#T0004){ref-type="table"} indicates that an effect of vicarious conditioning can influence the child's behavior. According to conceptual postulates in the vicarious conditioning, the individual child's behavior can be acquired by the observation of their parent's model.[@CIT0050] For example, if a child saw that their parents demonstrate an aversion to a stimulus, they may copy their parents' model. Even though the present result related to fear and avoidance can be explained by in part by this conditioning, we need to have parsimony in the interpretation of this possible association, once a correlation between the scores in the scales of pain catastrophizing of child with the score of the pain catastrophizing of their parents was not observed. Another factor to consider is the influence of age in the cognitive aspects.[@CIT0051]

Our results highlight that the score in the BrP-FOPQ-A is positively correlated with saliva BDNF after to adjust for age, and at the same way, we found higher levels of BDNF in female and in the subsample of chronic pain. This is an exciting finding that confirms the validity of BrP-FOPQ-A using an objective biological marker of the neuroplasticity processes, which presents compelling evidence of its association with pain conditions and different measures of neuroplasticity as demonstrated in pre-clinical and clinical studies.[@CIT0052]--[@CIT0054] It is important to emphasize that, during adolescence, the fear circuitry is mainly plastic. Also, the BDNF has been established as a significant regulator of adult fear circuitry function as well as expression of fear behavior.[@CIT0055] The neurotrophic hypothesis is one of the comprehensive molecular frameworks thought to underlie mood and anxiety disorder. It postulates that a sustained environmental and physiological stressor leads to altered neural plasticity in key regions implicated in anxiety and fear responses, including the hippocampus, prefrontal cortex and amygdala.[@CIT0056] It is important to point out that chronic stress increases BDNF expression in the amygdala, whereas it has an opposite effect in the hippocampus. Although we cannot evaluate the neurotrophic factor in specific structures in a clinical study, the positive correlation between saliva BDNF and the score of BrP-FOPQ-A permits to identify the relationship between changes in the neurotrophic factor and fear to pain and avoidance activities. Therefore, a higher score on the BrP-FOPQ-A may be useful in helping to identify subjects prone to fear pain and avoidance or those with a higher propensity to develop chronic pain. Future studies should investigate if BrP-FOPQ-A scores can be a useful self-reported screening that might reduce the impact of one of the most critical factors that lead to chronic pain-related disability.[@CIT0057]

Main limitations of our study that should be addressed. First, a cross-sectional design does not allow concluding causal relationships between the increase in the BDNF with the higher score of BrP-FOPQ-A. Second, we selected our sample of chronic pain in a specialized university pain clinic, and they presented different pain sites that may have distinct limitations in daily life, treatments, and relevant fears. Accordingly, the sample of chronic pain in our study might be representative of patients with complex pain problems. Third, the sample consisted primarily of healthy subjects and female adolescents. These adolescents were recruited from public schools, where usually the social income family is lower. Although this demographic pattern might limit the generalizability of our results, this is a corresponding pattern of our country and several other countries. However, one could realize that despite the difference of sample, we found similar results than those reported in the study of the author's scale with subjects recruited at a tertiary pain clinic.[@CIT0004],[@CIT0023] Fourth, mostly mothers completed the parent's measures in this study, which might be a limitation of the current study, since extensive literature has shown differences between sex in pain perception and the emotional reaction to pain.[@CIT0058] Thereby, we can consider that the response to confrontation of avoided activities due to pain and reengagement with activities of daily living change according to mothers' or fathers' perception. Fifth, the study is based on self-reported measures. Thus, the comprehension of the content of the assessment instruments may have implications for the internal validity of the survey as there may be an overlap in the constructs measured in the study. Finally, further longitudinal studies are required with a more significant number of clinical samples and their parents to examine how prior parent fears and avoidance behaviors influence subsequent child avoidant behaviors and outcomes.

This survey provides evidence for the consistent psychometric properties of the BrP-FOPQ-A and BrP-FOPQ-P. It demonstrates good discriminative properties, and the validity of BrP-FOPQ-A was confirmed by its positive correlation with depressive symptoms, emotion and conducts problems, physical and psychosocial functioning due to their physical health and a biological marker of neuroplasticity (ie, BDNF). Therefore, these results suggest that both scales represent valuable instruments for use in scientific studies and in the clinical setting involving early adolescents prone to develop chronic pain or institute therapeutic approaches to improve the negative feelings related to fear of pain.
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[^1]: **Abbreviations:** BrP-FOPQ-A, Brazilian Portuguese Fear of Pain Questionnaire for adolescents; BrP-FOPQ-P , BrP-FOPQ-P for parents.

[^2]: **Note:** Correlations are two-tailed. \*\**P*\<0.01.

[^3]: **Notes:** Correlation is significant at the 0.05 level (two-tailed). \**P*\< 0.05; \*\**P*\< 0.01.

[^4]: **Note:** The \* symbol indicates interaction between the variable age with the brain-derived neurotrophic factor.
